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Abstract 

und and Aims: Increased FA flux from adipose tissue to the liver contributes to 

elopment of NAFLD. Since free FAs are key lipotoxic triggers accelerating 

 progression, inhibiting ATGL/PNPLA2, the main enzyme driving lipolysis, may 

e steatohepatitis. 

h and results: Hepatocyte-specific ATGL knockout (ATGL LKO) mice were  

ed with MCD or HFHC diet. Serum biochemistry, hepatic lipid content and liver 

y were assessed. Mechanistically, hepatic gene and protein expression of lipid 

ism, inflammation, fibrosis, apoptosis and ER stress markers were investigated. 

ding activity for PPAR  and PPAR  was measured. After sh-RNA mediated  

nockdown, HepG2 cells were treated with LPS or OP21 to explore the direct role 

 in inflammation . Upon MCD and HFHC challenge, ATGL LKO mice in vitro

 reduced PPAR  and increased PPAR  DNA binding activity when compared to  

ed WT mice. Despite histologically and biochemically pronounced hepatic 

s, dietary challenged ATGL LKO mice showed lower hepatic inflammation, 

 by reduced number of  MAC-2 and MPO positive cells and low mRNA 

ion levels of inflammatory markers (such as IL1  and F4/80) when compared to 

e. In line, protein levels of ER stress markers PERK and IRE1  were reduced in 

KO MCD fed mice. Accordingly, pretreatment of LPS treated HepG2 cells with the 

agonist GW0742, suppressed mRNA expression of inflammatory markers. 

ally, ATGL-knockdown in HepG2 cells attenuated LPS/OP21-induced expression 

flammatory cytokines and chemokines such as Cxcl5, Ccl2 and Ccl5.

ions: Low hepatic lipolysis and increased PPAR  activity in ATGL/PNPLA2 

cy may counteract hepatic inflammation and ER stress despite increased 

s. Therefore, lowering hepatocyte lipolysis via ATGL inhibition represents a 

g therapeutic strategy for the treatment of steatohepatitis.
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Abbreviations

alanine amino transferase

alkaline phosphatase

aspartate amino transferase

adipose triglyceride lipase 

DNA binding activity 

fatty acid 

endoplasmic reticulum

high fat high carbohydrate

immunohistochemistry 

inositol-requiring enzyme 1 

knockout 

lipopolysaccharide (endotoxin) 

liver weight

methionine choline deficient  

myeloperoxidase

nonalcoholic fatty liver disease 

non-esterified fatty acid

nonalcoholic steatohepatitis 

protein kinase R-like endoplasmic reticulum kinase

pyruvate dehydrogenase lipoamide kinase isozyme 4

peroxisome proliferator activated receptor   

peroxisome proliferator activated receptor   

standard deviation 

triglyceride 
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WT wild type 
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Introduction

nsequence of the pandemic of obesity and diabetes, non-alcoholic fatty liver 

 (NAFLD) has become a leading cause of liver disease in the Western world [1, 

uch, more than 20% of the general population [3] and 75% of obese individuals 

lop NAFLD. NAFLD is characterized by benign hepatic fat accumulation (i.e., 

s) which can progress to non-alcoholic steatohepatitis (NASH), advanced fibrosis, 

, and cancer [5, 6], with inflammation as central feature in the disease 

ion from benign steatosis to the more severe stages of the disease spectrum [7]. 

d free fatty acids (FAs) are key lipotoxic triggers driving hepatocyte injury and 

ation and the progression from NAFLD to NASH [8]. Increased FA flux from 

 tissue to the liver due to insulin resistance as well as their release from 

ellular TG stores may critically determine hepatic FA concentrations and thereby 

ity [9]. 

r, FAs have also other powerful roles and are directly involved in cellular 

 pathways and regulation of gene transcription  [10]. Specifically, FAs are known 

te potential anti-inflammatory PPAR signaling [11]. Adipose triglyceride lipase 

as the major enzyme in TG breakdown may provide ligands for FA-regulated 

tion factors, such as PPAR and  [12-16], thereby modulating hepatic  

ation and disease progression. ATGL catalyzed TG hydrolysis is a prerequisite 

tional PPAR  signaling, suggesting that FAs deriving from TG stores activate 

and consequently the expression of genes for mitochondrial FA oxidation [13]. 

ect is discussed controversially for PPAR  [16, 17]. Despite the difference in 

y of activation, both PPAR  and PPAR  seem to have a crucial role in the  

n against NAFLD/NASH development [18]. Accordingly, PPAR  KO mice fed a 

ine choline deficient (MCD) diet develop more severe steatohepatitis than WT 

, 20] while treatment of hApoE2 KI/ PPAR  KO mice with a PPAR dual agonist  

ntly improved MCD diet induced liver injury [21]. Interestingly, PPAR  can 

sate for the absence of PPAR  in regulating FA homeostasis in skeletal muscle 

 test whether this appealing concept is also relevant in liver, this study was 

d to investigate whether PPAR  signaling may compensate for impaired PPAR   
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signaling in the liver, thereby attenuating hepatic inflammation and subsequent 

ion from steatosis to steatohepatitis. For this purpose, hepatocyte-specific ATGL 

 (with impaired PPAR  signaling) were subjected to MCD diet, a well-established 

f steatohepatitis. Despite several disadvantages of MCD diet such as absence of 

 and  insulin  resistance,  it  is  a  suitable  model  to  initiate  profound lipolysis  in 

 tissue resulting in increased FA flux from the periphery to the liver [23].  

ally, and to also obtain insights into the metabolic state of the disease 

yte-specific ATGL KO mice were fed a high fat high carbohydrate rich diet. Using 

erimental approach, we observed that absence of ATGL/PNPLA2 in hepatocytes 

n steatosis but reduced inflammation most likely via activation of hepatic PPAR  

 as an adaptation to loss of PPAR signaling.
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Materials and Methods

 experiments: C57/BL6 ATGL f/f were crossed with C57/BL6 Alb-Cre mice to 

 hepatocyte-specific ATGL KO mice. ATGL f/f mice were used as control 

. ATGL f/f were kindly provided by Erin E Kershaw [24]; (JAX stock number of 

f mice: 024278). Male 8 week old animals were fed a methionine choline deficient 

iet (obtained from SAFE - Scientific Animal Food & Engineering) for 5 weeks ad 

Female 5 week old animals were fed a high fat diet plus fructose/sucrose in 

 water (HFHC) for 17 weeks (high fat diet: D12331, , New Research Diets

ck,  NJ),  plus  42g/L  fructose/sucrose  in drinking  water;  control  diet:  D12328, 

h  Diets, New  Brunswick, NJ).  These  animal  studies  were  approved  by  the 

Ethics Committee of the Medical University of Vienna and the Federal Ministry 

nce, Research and Economy (BMWFW-66.009/0117-II/3b/2013) and was 

ed according to the Animal Research: Reporting of  Experiments In Vivo

E) guidelines. 

 liver sections: Human liver paraffin sections of NAFLD patients with different 

of fibrosis (F0-F4) were kindly provided by the Department of Pathology, 

 University of Vienna. Patients gave informed consent at the time of recruitment 

ir records were anonymized and de-identified. Patient's data and pathologic 

ons were approved by Ethics Committee of the Medical University of Vienna 

7/2011). Detailed clinical data of the patient cohort are provided in Ref. [25].

istology: Liver tissue was fixed in 4% neutral buffered formaldehyde solution for 

s, embedded in paraffin, and stained with hematoxylin and eosin (H&E) or Sirius 

o quantify and characterize the hepatic inflammatory cell infiltrate   

histochemistry for  MAC-2+ cells  and immunofluorescence  of myeloperoxidase 

cells was performed. Oil red o (ORO) staining was performed on 7µM thick 

tions as described previously [26]. To obtain the degree of steatosis and 

ation computational quantification was done with Image J 1.51j8. The NAFLD 

shown in Supporting table 1 and 2 is based on computational analysis of H&E 

esicular & microvesicular steatosis) and MAC-2+ (inflammatory cells) sections. 

ring is in accordance to Ref. [27].
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nalysis: 

nd of experiment blood was collected from the vena cava and centrifuged for 15 

500 rpm. Serum was stored at -80°C until analysis. 

nding activity of PPAR  and PPAR :   PPAR  as well as PPAR  activity was  

 using an enzyme-linked immunosorbent assay-based PPAR  Transcription 

ssay Kit (Abcam) according to the manufacturer’s instructions. Nuclear proteins 

lated from liver using NE-PER nuclear and cytoplasmic extraction kit (Abcam) 

g to the manufacturer’s instructions. Binding activity was measured at 450 nm 

he blank) and calculated as relative activity to the control. 

 blotting: Protein isolation and western blotting was performed as described 

ly [28].

olation and qRT-PCR analysis: Tissues were  snap frozen in  prechilled 2-

utane and stored in liquid nitrogen. RNA was extracted using TRIzol reagent 

en, Carlsbad, CA) according to manufacturer’s instructions. 1.5 g of RNA was 

r complementary DNA synthesis using random hexamer primer (Applied 

ms) and Superscript II reverse transcriptase (Invitrogen, Carlsbad, CA) 

g to manufacturer’s instructions. 1:20 dilution of the cDNA was used for qRT-

ing SYBR Green Master Mix (Applied Biosystems) and was performed using 

  Real-Time PCR  system (Applied  Biosystems). Reactions  were performed  in 

es and relative mRNA levels were quantified using a calibration dilution curve 

ed to the housekeeping genes. mRNA levels were normalized to 36b4 as 

eping gene which did not vary between groups. 

Gs, NEFA and fatty acyl chain profiling: Hepatic lipids were extracted and 

d by gas chromatography as described previously [29].

lture:  HepG2 and Hepa1c1c7 cells (American Type Culture Collection, 

as, VA) were grown in Dulbecco`s modified Eagle`s medium and knocked down 

L (ATGL KD) using a lentivirus containing a short hairpin RNA against ATGL as 

d previously [26]. WT and ATGL KD cells were treated with LPS for 6h or oleic 
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acid (OA): palmitic acid (PA) in a ratio 2:1 (OP21). OA  concentration: 1,2mM; PA 

ration: 0,6mM. Furthermore, in a separate experiment HepG2 WT cells were 

ed for 18h with the PPAR  agonist GW0742 prior to 6h LPS treatment. THP1 and 

 64.7 cells  (American Type Culture  Collection,  Manassas, VA)  were grown  in 

o`s modified Eagle`s medium and incubated for 6h with medium taken from WT 

L KD cells with and without LPS or incubated 24h with medium taken from WT 

L KD cells with and without OP21 treatment. 

e analysis: Proteome profiler mouse XL cytokine array from R&D Systems was 

d according to manufacturer’s instructions.  

al analysis: Results were evaluated using SPSS V.27.0. Statistical analysis was 

ed using student´s unpaired 2-tailed t test. In the MCD setting data are reported 

ns of WT Ctrl n=5; ATGL LKO Ctrl n=7; WT MCD n=7; ATGL LKO MCD n=9 

 per group +/-SD. In the HFHC setting data are reported as means of WT Ctrl 

GL LKO Ctrl n=5; WT HFHC n=7; ATGL LKO HFHC n=5 animals per group +/-

 value  was considered as statistically significant.
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Results

e of hepatic ATGL reduces PPAR  activity in MCD-induced steatohepatitis. 

 studies have demonstrated that global ATGL KO mice challenged with 

ine choline deficient (MCD) diet develop more severe steatohepatitis because of 

 PPAR  signalling due to lack of free FAs serving as PPAR  ligands [28]. To  

te the specific role of hepatic ATGL in development of steatohepatitis, 

yte-specific ATGL KO (ATGL LKO) and floxed control mice (WT) were fed a MCD 

5 weeks. In accordance with the findings in global ATGL deficiency, also ATGL 

ce showed reduced PPAR  DNA binding activity (Supporting Figure 1A) when 

d to MCD fed WT mice. Accordingly, mRNA expression levels of established 

target genes were significantly lower in MCD fed ATGL LKO compared to MCD 

animals (Supporting Figure 1B).

eding aggravates development of hepatic steatosis.

paired PPAR  signalling and consequently defective FA oxidation potentially 

tes to development of steatosis, next hepatic TG content was assessed. In line 

 observations at the histological level, quantification of hepatic TG significantly 

d TG levels in ATGL LKO mice already at chow diet, and levels were further 

 by the MCD challenge (Figure 1A and B, Supporting table 1). This observation 

firmed by oil red O staining (Figure 1C). Serum levels of liver transaminases ALT 

 were elevated on MCD independent of the genotype while alkaline phosphatase 

s solely increased in ATGL LKO mice upon the dietary challenge (Figure 1D).  

evels of total cholesterol, TG as well as NEFA were reduced upon MCD feeding 

WT and ATGL LKO mice (Figure 1D).

e of hepatic ATGL ameliorates hepatic inflammation in MCD diet-induced 

epatitis.

 steatosis, inflammation is a major hallmark of hepatic steatohepatitis. Therefore, 

stigated inflammatory parameters such as MAC-2, MPO, IL1,  and F4/80 TNF 

kept on MCD. Surprisingly, immunohistochemistry (IHC) revealed less MAC-2 

O positive cells in livers of ATGL LKO than in WT mice under MCD challenge 

15273350, 2021, 0, D
ow

nloaded from
 https://aasldpubs-onlinelibrary-w

iley-com
.proxy-ub.rug.nl B

y U
niversity of G

roningen Library- on [29/10/2021]. R
e-use and distribution is strictly not perm

itted, except for O
pen A

ccess articles



This article is protected by copyright. All rights reserved

(Figure 2A and B). Accordingly, mRNA levels of inflammatory markers were significantly 

ed in ATGL LKO animals under MCD condition in comparison to challenged WT 

 (Supporting Figure 2A). Of particular interest, sirius red and Collagen 1 staining 

arker for fibrosis) were similar in ATGL LKO compared to WT mice indicating no 

es in collagen deposition. However, mRNA levels of ,  Col1a1 Col1a2 and Tgf 

reased in both, WT and ATGL LKO MCD fed mice (Supporting Figure 3). 

 ATGL deficiency mitigates ER stress in MCD diet-induced steatohepatitis. 

epatic inflammation may trigger hepatic endoplasmic reticulum (ER) stress, we 

d protein and mRNA levels of ER stress relevant genes. The ER stress sensors 

nd IRE1  showed markedly lower protein expression levels in ATGL LKO mice 

d to WT mice upon MCD feeding (Figure 2C). In line, mRNA expression of  ErDj4

 followed the same pattern (Supporting Figure 2B). Of note, mRNA levels of 78

totic markers  and  as well as protein levels of cleaved caspase 3 were Chop Bad

d upon MCD feeding independent of the genotype (Supporting Figure 2C and D).

e of hepatic ATGL induces PPAR  binding activity in MCD diet-induced 

epatitis. 

een shown previously that PPAR  (but not PPAR ) can be activated via FAs  

coming from the serum (not being hydrolysed from endogenous TG stores) [16]. 

r, PPAR  was also identified to have anti-inflammatory effects under NAFLD 

ns [18, 30]. Therefore, we considered augmented PPAR activation as a possible 

satory mechanism of compromised (anti-inflammatory) PPAR  signalling 

ting Figure 1) and thus a mechanistic explanation for attenuated hepatic 

ation in MCD challenged ATGL LKO mice. DNA binding activity assay revealed 

d PPAR  binding activity solely in ATGL LKO MCD fed mice (Figure 3A). 

uently, mRNA expression of PPAR  target  was boosted in ATGL LKO MCD  Pdk4

mals (Figure 3B). Accordingly, PDK4 protein expression was significantly 

d in ATGL LKO MCD fed mice compared to challenged WT mice (Figure 3C). 

r, intrahepatic FA profiling elucidated enhanced levels of  and linolenic acid  

s oleic acid, established ligands for PPAR  (Figure 3D). Interestingly, the level of 

 acid, which has been shown to maintain PPAR  in its activated conformation 
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[31, 32], was reduced in WT mice upon MCD feeding while in ATGL LKO mice levels 

normal (Supporting Figure 4). Of note, intrahepatic concentration of anti-

atory palmitoleic acid, which is not related to PPAR signalling [33], was 

ely reduced in WT mice upon MCD diet and accordingly normal in ATGL LKO 

 MCD (Supporting Figure 4). 

e of hepatic ATGL reduces PPAR  activity in HFHC-induced 

epatitis. 

stigate whether PPAR  signalling is disturbed in ATGL-LKO mice in a second 

ic model, PPAR  DNA binding activity was assessed under high fat high 

drate (HFHC) conditions. Accordingly, ATGL LKO mice showed reduced PPAR  

ding activity (Supporting Figure 5A) when compared to HFHC fed WT mice. In 

NA expression levels of established PPAR  target genes were significantly lower 

 fed ATGL LKO compared to HFHC fed WT animals (Supporting Figure 5B).

eding aggravates development of hepatic steatohepatitis.

dance with the observations of increased hepatic lipid load, at the histological 

antification of hepatic TG revealed a significant increase in ATGL LKO mice 

at chow diet, further elevated by HFHC application (Figure 4A and B, Supporting 

. This finding was confirmed by oil red O staining (Figure 4C). Serum levels of 

saminases ALT and AST were already elevated in ATGL LKO mice at baseline. 

 WT mice HFHC challenge led to a further increase of ALT and AST. In ATGL 

HC fed mice, ALT and AST levels remained unchanged compared to control 

kaline phosphatase (AP) and triglyceride concentration were neither affected by 

e nor by feeding (Figure 4D). Total cholesterol as well as non-esterified fatty acid 

concentration were increased due to HFHC feeding independent of the genotype 

4D).

e of hepatic ATGL ameliorates hepatic inflammation in HFHC diet-induced 

epatitis.

ation of inflammatory parameters such as MAC-2, MPO, IL1,  and F4/80 Tnf 

 that loss of ATGL in the liver attenuated development of hepatic inflammation 

15273350, 2021, 0, D
ow

nloaded from
 https://aasldpubs-onlinelibrary-w

iley-com
.proxy-ub.rug.nl B

y U
niversity of G

roningen Library- on [29/10/2021]. R
e-use and distribution is strictly not perm

itted, except for O
pen A

ccess articles



This article is protected by copyright. All rights reserved

induced by HFHC diet. Immunohistochemistry (IHC) conceded less MAC-2 and MPO 

cells in livers of ATGL LKO than in WT mice under HFHC challenge (Figure 5A 

Accordingly, mRNA levels of inflammatory markers were significantly decreased 

 LKO animals under HFHC condition in comparison to challenged WT animals 

ting Figure 6A). Fibrosis markers such as, Sirius red and Collagen 1 staining 

ilar in ATGL LKO compared to WT mice indicating no differences in collagen 

on. However, mRNA levels of ,  and Col1a1 Col1a2 Tgf tended to be decreased 

 LKO compared to WT HFHC fed mice (Supporting Figure 7). 

 ATGL deficiency mitigates ER stress in HFHC diet-induced steatohepatitis. 

ate whether HFHC feeding induced hepatic ER stress, we assessed protein and 

evels of ER stress relevant genes. The ER stress sensors PERK and IRE1  were 

d in both, WT and ATGL LKO mice fed with HFHC diet (Figure 5C), while mRNA 

ion of the downstream target was only significantly increased in WT HFHC Grp78 

e, expression levels  of remained unchanged upon the different groups ErDj4 

ting Figure 6B). mRNA levels of the apoptotic marker  was increased in WT Chop

ice only. mRNA levels of  as well as protein levels of cleaved caspase 3 Bad

affected upon HFHC feeding independent of the genotype (Supporting Figure 6C 

e of hepatic ATGL induces PPAR  binding activity in HFHC diet-induced 

epatitis. 

ding activity assay revealed increased PPAR  binding activity in ATGL LKO 

 ed  mice  (Figure  6A). Accordingly,  mRNA  expression  of PPAR   downstream 

 was elevated in ATGL LKO HFHC fed animals (Figure 6B). In line, PDK4 dk4

xpression was significantly increased in ATGL LKO HFHC fed mice compared to 

ice (Figure 6C). Intrahepatic FA profiling elucidated unchanged levels of  and 

ic acid between the groups, while oleic acid levels were already increased in 

KO mice at baseline. HFHC feeding boosted oleic acid concentration in WT but 

TGL LKO mice (Figure 6D). Concentration of vaccenic acid, known to maintain 

in its activated conformation [31, 32], was increased in ATGL LKO mice already 

line (Supporting Figure 4B). Of note, intrahepatic concentration of anti-
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inflammatory palmitoleic acid, which is not related to PPAR signalling [33], was also 

 at baseline in ATGL LKO mice (Supporting Figure 4B). 

nock down protects from LPS and fatty acid induced inflammation .in vitro

stigate whether absence of ATGL in hepatocytes per se may contribute to 

ion of endotoxin induced inflammation (seen in MCD fed animals [34]),  ATGL 

nced with shRNA in the human hepatoma cell line HepG2 (Supporting Figure 8A 

Cells were cultured in a medium without FBS 16h prior to the treatment with LPS 

flammatory stimuli inducing the activation of TLR4 related pathways. After 6h of 

tment, mRNA expression of inflammatory markers ,  and Mcp1 Cxcl2 Tnf stayed 

 levels in ATGL knock down (KD) cells while all makers were increased in WT 

gure 7A). From another batch of cells, LPS containing medium was removed after 

exchanged by empty medium. 24h later the medium was used for protein 

. Medium taken from WT LPS challenged cells contained the chemokines 

ntin, IL-8, MIC-1and VEGF. Notably, signals of these proteins were much lower 

m from ATGL KD cells compared to WT cells (Figure 7B). Because chemokines 

lved in recruitment and activation of inflammatory cells, cytokine cocktails 

d from HepG2 WT and ATGL KD cells after LPS treatment were used to treat the 

acrophage cell line THP1 for 6h. THP1 cells treated with medium from HepG2 

 treated cells displayed increased mRNA expression levels of the inflammatory 

 IL1,  and . In strong contrast, mRNA levels of these genes stayed low IL6 Mcp1

 cells treated with medium from HepG2 ATGL KD LPS treated cells (Figure 7C), 

for a direct anti-inflammatory effect of reduced ATGL activity in hepatocytes. Of 

 validate the translational effect between human and mouse, the same 

ent was performed in a hepatocyte cell line derived from mouse (Hepa1c1c7). 

he human cell line, loss of ATGL protected murine hepatocytes from LPS induced 

ation (Supporting Figures 8 and 9).

r, to investigate whether loss of ATGL also protects from FA induced 

ation, cells were cultured in medium containing OP21 as pro-inflammatory stimuli. 

h of OP21 treatment, mRNA expression of inflammatory markers ,  Mcp1 IL1b, IL6

 stayed at basal levels in ATGL knock down (KD) cells while all markers were l2

d in WT cells (Supporting Figure 10A). 
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Following the same experimental procedure as for the LPS setting, OP21 containing 

 was removed after 24h and exchanged by medium without OP21. 24h later the 

 consisting secreted cytokines was used for protein profiling. While the medium 

om WT OP21 challenged cells contained the chemokines Osteopontin and IL-8, 

ignal proteins were not detected in medium from ATGL KD cells (Supporting 

0B). The cytokine cocktails produced from HepG2 WT and ATGL KD cells after 

eatment were used to treat the human macrophage cell line THP1 for 6h. THP1 

 ated  with medium  from HepG2  WT  OP21 treated  cells displayed  increased 

expression levels of the inflammatory markers IL1,  and . In strong IL6 Mcp1

, mRNA levels of these genes stayed low in THP1 cells treated with medium from 

ATGL KD OP21 treated cells (Supporting Figure 10C), arguing for a direct anti-

atory effect of reduced ATGL activity in hepatocytes.

on of PPAR  reduces LPS induced inflammation .  in vitro

tigate whether the LPS mediated inflammation seen in HepG2 WT cells, can be 

cted by PPRA  activation, HepG2 WT cells were pre-treated with the PPAR   

GW0742 for 18h prior to 6h LPS incubation (Figure 8). Treatment of WT cells 

0742 result in increased protein expression of PPAR  downstream target Pdk4 

8A). The PPAR  anti-inflammatory effect has been linked to inhibition of NF B  

g, which prompted us to measure protein expression of NF B subunits. While 

ion of p50 and p65 subunits were increased in the nuclei of LPS treated HepG2 

, pre-treatment with GW0742 prevented elevated expression levels of both NF B 

 (Figure 8B). Consequently, expression levels of the pro-inflammatory cytokines 

xcl2 Tnf and  were increased in LPS treated cells whereas expression levels 

d low and comparable to control cells upon GW0742 pre-treatment cells (Figure 

expression correlates negatively with disease progression. 

fy whether the murine findings that PPAR  may have a beneficial role in 

cting  NAFLD  development  PPAR   protein expression  was  investigated  in a 

patient cohort consisting patients aged  years with biopsy-proven NASH [25]. 

expression was found to be reduced in patients with NASH with fibrosis stage 3 
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F3) (Supporting Figure 11), arguing for a crucial role of PPAR  in counteracting 

 progression.
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Discussion

tudy, we investigated the hepatocyte-specific role of ATGL in the development of 

patitis by challenging hepatocyte specific ATGL KO (ATGL LKO) mice with MCD 

s HFHC diet. Both diets are common models to induce steatohepatitis leading to 

in  translocation,  steatosis and  inflammation. However,  despite MCD  diet has 

itations, such as absence of obesity and insulin resistance, it reflects several 

ey features such as steatosis and inflammation [35-37]. Importantly, MCD diet 

 massive FA flux from adipose tissue to the liver, thus reflecting a key pathogenic 

NASH development since an increased peripheral FA flux has been linked to a 

crease of hepatic TG content in NAFLD patients [38]. Therefore, the two 

entary models used in this study – ATGL LKO mice fed either with MCD or 

 offer the opportunity to investigate whether lack of hepatic ATGL (and hence 

 hepatic lipolysis) may increase the susceptibility to hepatic inflammation via 

ipid partitioning and impaired PPAR  signalling as demonstrated in global ATGL 

e [28]. Alternatively, the FA spill-over to the liver could result in activation of 

satory anti-inflammatory mechanism(s) such as increased PPAR  signalling, 

as shown to countervail detracted PPAR  signalling in skeletal muscle [22]. 

a demonstrate that despite reduced hepatic PPAR  signalling, loss of ATGL in 

 attenuates development of hepatic inflammation and ER stress as major events 

ing fatty liver disease from simple steatosis to more severe stages of the disease 

 steatohepatitis. Although serum markers for liver damage (AST and ALT) were 

d at comparable levels in WT and ATGL LKO mice upon dietary challenge, 

steatosis was moderately increased in ATGL LKO MCD as well as HFHC fed 

mpared to WT MCD and HFHC mice, while inflammatory as well as ER stress 

 (in the MCD setting) were significantly reduced. These findings indicate, that 

cting hepatic lipolysis and consequently increasing hepatic TG formation may 

rotective role against inflammation and ER stress development. 

ngly, mRNA expression of fibrosis markers ,  and Col1a1 Col1a2 Tgf tended to 

 ased due  to MCD  as well  as HFHC  feeding  independent of  the genotype. 

r, computational quantification of SR and Collagen 1 IHC did not show 
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differences between challenged and control animals. This controversy between mRNA 

tein expression may indicate that mRNA expression levels do not reflect the 

ization and formation of collagen fibers. Furthermore, these data indicate that to 

te the role of ATGL in development of hepatic fibrosis, the feeding period of 5 

CD and 17 weeks HFHC has to be extended (or other experimental models 

 Ccl4 challenge should be taken into account).

 it was also demonstrated that global ATGL KO mice are protected from acute 

ss development due to oleic acid enrichment in the liver [26]. Increased hepatic 

id concentration in MCD challenged liver specific ATGL KO mice suggests that 

 ER stress development is linked to a similar mechanism. 

on to oleic acid, also - and -linolenic acid are among the most abundant FAs  

 livers of MCD fed ATGL LKO mice (Figure 5C). These three FA species are 

 of activating PPAR [39]. Accordingly, PPAR  DNA binding activity was also  

d in this group of animals. Anti-inflammatory effects of PPAR  have been 

trated in several preclinical NAFLD studies [40-42]. While PPAR activation 

 on FAs derived from intracellular TG hydrolysis, PPAR  activation does not 

to be  dependent on intracellular  TG catabolism [16]. Therefore, augmented 

activation in ATGL LKO mice may compensate for impaired PPAR  signalling, 

attenuating hepatic inflammation and subsequent progression from NAFLD to 

This observation is in line with the finding that PPAR  directly compensates for 

ence of  PPAR  in regulating FA homeostasis in  human and murine skeletal 

cells [22]. 

 PPAR  signaling (seen in ATGL global [28] as well as in the ATGL LKO mice) 

 found to be present in NASH patients where its expression correlates negatively 

 gression of the disease [43]. Longitudinal analysis showed that increase in 

ion of PPAR  and its target genes was associated with histological improvement, 

ing the use of PPAR  agonists in the treatment of NASH [43]. Also PPAR   

ion in NAFLD patients was investigated in several studies [43-45]. Interestingly, 

ngs are somewhat controversial. While in a small study it was shown that PPAR  

ion was increased in NASH patients [44], in a larger cohort of NAFLD patients 
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expression remained unchanged [43]. In line, we did not see changes in PPAR  

xpression (data not shown) in a cohort consisted of patients aged  years with 

roven NASH, grouped into steatosis (F0), NASH early stage (F1-2) and NASH 

d stage (F3-4) [25]. However, if the patients are grouped based on the stage of 

(NASH F1, NASH F2 and NASH F3) PPAR  protein expression tended to be 

 (Supporting Figure 11), arguing for a potential role of PPAR  as pharmacological 

 counteract NAFLD progression. Thus, a clinical study investigating the effect of 

R  agonist seladelpar in NASH patients (F1-F3) showed an improvement of liver 

s after 52 weeks of treatment [46]. 

armacological  inhibition of  ATGL in adipose  tissue with the  specific inhibitor 

in was proven to be beneficial in counteracting high-fat diet induced fatty liver 

ment [47]. Inhibition of adipose tissue lipolysis may thus be favourable in strongly 

atients via reduction of FA flux to skeletal muscle and liver, thereby preventing 

 lipid  accumulation and  insulin  resistance. Here  we show  that  loss of  ATGL 

 also has beneficial effects in a lean mouse model of steatohepatitis. MCD diet 

s  intrahepatic  lipid  accumulation  mainly  through increased  hepatic  fatty  acid 

nd decreased VLDL secretion and, apparently, lipotoxic effects can be reduced 

ition of lipolysis in hepatocytes promoting FA storage and neutralisation in the 

nert TG. 

ngly,  despite  its close  homology  with adiponutrin/PNPLA3    (which has  been 

 be associated with development and progression of NAFLD/NASH and many 

er diseases [48]), for ATGL/PNPLA2 polymorphisms no convincing evidence for a 

atty liver development was found. However, it has been shown that PNPLA3 

ly competes with ATGL for /  hydrolase domain-containing 5 (ABHD5/CGI-58),  

ntial co-activator of ATGL and that PNPLA3 I148M is more effective in this regard 

s weakening lipolytic function of ATGL, favoring lipid accumulation.  In contrast to 

 variants, PNPLA2 variants were associated with anthropometric and metabolic 

ers such as fat mass and subcutaneous adipose tissue [50]. 

 experiments revealed that  loss of ATGL in hepatocytes  have a direct anti-

atory effect, reducing secretion of pro-inflammatory cytokines and thereby 
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ameliorating immune cell recruitment/activation corroborating findings in liver ATGL 

cy. In line, also ATGL deficient macrophages have been identified to have 

 inflammatory activity [51] and increased lipolysis which induces macrophage 

n [52]. 

usion, our study provides profound evidence that inhibition of ATGL exclusively in 

 decelerates the progression of NAFLD from simple steatosis to more severe 

 stages such as steatohepatitis. Therefore, ATGL inhibitors may be considered as 

trategy to combat NASH development.
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egends 

1: MCD-feeding induced liver injury in WT and ATGL LKO mice. Wildtype 

d ATGL knockout (KO) mice received methionine choline deficient (MCD) diet for 

. (A) H&E staining of liver sections of control and MCD-fed WT and ATGL LKO 

epatic steatosis was evident in  ATGL LKO mice at baseline and  even more 

ced after MCD challenge. (B) Biochemical quantification of intrahepatic 

ide (TG). Intrahepatic TG levels were increased in ATGL LKO mice at baseline as 

n MCD treated WT and ATGL LKO mice. (C) Oil red O staining. Oil red O (ORO) 

 and subsequent computational quantification displayed elevated intrahepatic lipid 

lation in ATGL LKO mice at baseline. MCD feeding increased lipid load in both 

es. (D) Serum markers of liver injury. MCD diet-induced liver injury was reflected 

ased levels of liver enzymes (AST; ALT) and alkaline phosphatase (AP) in WT 

L LKO mice. Serum total cholesterol and triglycerides (TG), as well as NEFAs 

nificantly reduced after MCD feeding. * indicates a significant difference from 

d WT controls (WT); # indicates a significant difference from ATGL LKO KO 

ice; p<0,05. 

2: MCD feeding-induced hepatic inflammation and ER stress is attenuated 

GL LKO mice. (A) MAC-2 immunohistochemistry. Representative 

histochemistry stainings for MAC-2+ cells in liver specimens of control and MCD-

and ATGL LKO mice (20x magnification) as well as computational quantification 

creased inflammation in MCD-fed WT mice. (B) MPO immunofluorescence. 

ntative immunofluorescence stainings for MPO+ cells in liver specimens of 

and MCD-fed WT and ATGL LKO mice (20x magnification) as well as 

tional  quantification  show  increased  inflammation in  MCD-fed  WT  mice.  (C) 

ntative picture of ER stress sensor immune blots. Protein expression levels of 

nd IRE1  were elevated in WT MCD fed mice and stayed at baseline levels in 

KO MCD fed mice. Data are normalised to total protein and represent means +/- 
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SD and are shown relatively to the expression levels of unchallenged WT animals. Data 

t means +/- SD and are shown relatively to the expression levels of 

nged WT animals. * indicates a significant difference from untreated WT controls; 

tes  a significant difference  from MCD-fed WT  mice; # indicates  a significant 

e from ATGL LKO controls; p<0,05.

3: MCD feeding increases PPAR  activity in ATGL LKO mice.  (A) 

ntitative PPAR  DNA binding activity assay. MCD feeding induced PPAR   

g in ATGL LKO (but not in WT) mice. (B) mRNA expression levels of PPAR  

eam target . mRNA expression of  was increased due to MCD feeding Pdk4 Pdk4

genotypes but the increase was more pronounced in ATGL LKO mice. Data 

t means +/- SD and are shown relatively to the expression levels of 

nged WT animals. (C) Representative picture of  PPAR  downstream target 

mune blot. Protein expression levels of PDK4 were elevated in WT MCD fed 

d stayed at baseline levels in ATGL LKO MCD fed mice. Data are normalised to 

tein and represent means +/- SD and are shown relatively to the expression 

f unchallenged WT animals. (D) Intrahepatic free fatty acid profile. - and - 

c acid (known to be PPAR  ligands) were most prominent in ATGL LKO MCD fed 

. * indicates a significant difference from untreated WT controls; indicates a  $  

nt difference from MCD-fed WT mice; # indicates a significant difference from 

KO controls; p<0,05.

4: HFHC-feeding induced liver injury in WT and ATGL LKO mice. Wildtype 

d ATGL knockout (KO) mice received high fat high carbohydrate (HFHC) diet for 

s. (A) H&E staining of liver sections of control and HFHC-fed WT and ATGL LKO 

epatic steatosis was evident in  ATGL LKO mice at baseline and  even more 

ced after HFHC challenge (20x magnification). (B) Biochemical quantification of 

atic triglycerides (TG). Intrahepatic TG levels were increased in ATGL LKO mice 

ine as well as in HFHC treated WT and ATGL LKO mice. (C) Oil red O staining. 

 (ORO) staining and subsequent computational quantification displayed elevated 
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intrahepatic lipid accumulation in ATGL LKO mice at baseline. HFHC feeding increased 

d in both genotypes with a more pronounced rise in ATGL LKO mice. (D) Serum 

 of liver injury. 21 week old ATGL LKO mice showed increased levels of liver 

s (AST, ALT) already at baseline. While HFHC feeding led to a further increase of 

inases in WT mice, in ATGL LKO mice the levels remained unaffected. Alkaline 

tase (AP) and triglyceride levels remained constant in WT and ATGL LKO mice. 

total cholesterol and non-esterified fatty acids (NEFAs) were significantly 

d after HFHC feeding. * indicates a significant difference from untreated WT 

 (WT); # indicates a significant difference from ATGL LKO control mice; p<0,05. 

: HFHC feeding-induced hepatic inflammation and ER stress is attenuated 

GL LKO mice. (A) MAC-2 immunohistochemistry. Representative 

histochemistry staining for MAC-2+ cells in liver specimens of control and HFHC-

and ATGL LKO mice (20x magnification) as well as computational quantification 

creased inflammation in HFHC-fed WT and ATGL LKO mice. ATGL LKO HFHC 

e show significant less MAC-2+ cells compared to WT mice upon HFHC 

t. (B) MPO immunofluorescence. Representative immunofluorescence staining 

+ cells in liver specimens of control and HFHC-fed WT and ATGL LKO mice (20x 

ation) as well as computational quantification show increased inflammation in 

d WT and ATGL LKO mice. ATGL LKO HFHC fed mice show significant less 

ells compared to WT mice upon HFHC treatment.  (C) Representative picture of 

ss sensor immune blots. Protein expression levels of PERK and IRE1  were 

 in both, WT and ATGL LKO HFHC fed mice. Data are normalised to total protein 

resent means +/- SD and are shown relatively to the expression levels of 

nged WT animals. * indicates a significant difference from untreated WT controls; 

tes  a significant difference  from MCD-fed WT  mice; # indicates  a significant 

e from ATGL LKO controls; p<0,05.

6: HFHC feeding increases PPAR  activity in ATGL LKO mice.  (A) 

ntitative  PPAR   DNA binding  activity assay.  HFHC  feeding  induced  PPAR   

15273350, 2021, 0, D
ow

nloaded from
 https://aasldpubs-onlinelibrary-w

iley-com
.proxy-ub.rug.nl B

y U
niversity of G

roningen Library- on [29/10/2021]. R
e-use and distribution is strictly not perm

itted, except for O
pen A

ccess articles



This article is protected by copyright. All rights reserved

g in ATGL LKO (but not in WT) mice. (B) mRNA expression levels of PPAR  

eam target  mRNA expression of  was increased due to HFHC feeding  Pdk4. Pdk4

GL LKO mice. Data represent means +/- SD and are shown relatively to the 

ion levels of unchallenged WT animals. (C) Representative picture of PPAR  

eam target PDK4 immune blot. Protein expression levels of PDK4 were elevated 

nd ATGL LKO HFHC fed mice. Data are normalised to total protein and represent 

+/- SD and are shown relatively to the expression levels of unchallenged WT 

. (D) Intrahepatic free fatty acid profile. - and -Linolenic acid (known to be  

ligands) concentration remained unchanged among the different groups while 

id concentration was increased in ATGL LKO mice at baseline, further increased 

 feeding in both, WT and ATGL LKO animals. * indicates a significant difference  

reated WT controls; indicates a significant difference from MCD-fed WT mice; # $ 

s a significant difference from ATGL LKO controls; p<0,05.

7: Knock down of ATGL  protects from LPS  induced inflammation and 

s from LPS induced cytokine secretion in vitro.  (A) 6h after LPS challenge 

pression of inflammatory markers  and Mcp1, Cxcl2 Tnf were significantly 

d  in  HepG2  WT  cells  and  did  not  change  in  HepG2  ATGL  KD  cells. Data 

t means +/- SD and are shown relatively to the expression levels of untreated 

WT cells. * indicates a significant difference from untreated HepG2 WT cells;  $

s a significant difference from LPS treated HepG2 WT cells; # indicates a 

nt  difference  from  untreated  HepG2 ATGL  KD  cells; p<0,05. (B) Proteome       

 revealed that HepG2 ATGL KD cells secrete less cytokines/chemokines upon 

ulation. Cells were treated with LPS for 6h. Thereafter LPS containing medium 

 hanged with empty medium. After  24h  the  medium was  used  for  proteome 

. HepG2 LPS treated cells secreted more Osteopontin, IL8, MiC1 and VEGF than 

ATGL KD LPS treated cells. (C) Human macrophage cell line THP1 was cultered 

m taken from HepG2 WT cells and HepG2 ATGL KD cells treated with LPS for 

NA expression levels of  and were increased in THP1 cells treated IL1b, IL6 Mcp1 

dium from HepG2 WT LPS cells but not in THP1 cells treated with medium from 

ATGL KD LPS cells. Data represent means +/- SD and are shown relatively to the 
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expression levels of THP1 cells cultured medium form HepG2 WT cells. * indicates a 

nt  difference from  THP1 cells cultured  in medium form  HepG2 WT cells;   #

s a significant difference from THP1 cells cultured medium form HepG2 ATGL KD 

ndicates a significant difference from THP1 cells treated with LPS and cultured in 

 from HepG2 WT cells; p<0,05.  

8: Activation of PPAR  reduces LPS induced inflammation  in vitro.  (A and 

 human  hepatoma  cell line  HepG2  were pre-treated  with  the PPAR   agonist 

 before 6h LPS exposure. (A) Representative picture of PPAR  downstream 

DK4 immune blot. Protein levels of the PPAR  downstream target PDK4 were 

ntly increased in cells treated with GW0742. (B) Representative picture of NF B k

 p50 and p65 immune blots. 6h after LPS challenge protein expression of the 

ubunits p50 and p65 were significantly decreased in LPS challenged cells pre-

with GW0742. (C) Gene expression of NF B downstream targets. 6h after LPS k

e gene expression of inflammatory markers  and Mcp1, Cxcl2 Tnf were 

ntly decreased in LPS challenged cells pre-treated with GW0742. Data represent 

/- SD and are shown relatively to the expression levels of unchallenged HepG2 

ndicates a significant difference from untreated control cells (Ctrl);  indicates a $

nt difference from LPS treated HepG2 cells; p<0,05.

ting Figure 1: Disturbed PPAR  signalling in MCD fed ATGL LKO mice.  (A) 

ntitative PPAR  DNA binding activity assay in chow and MCD fed mice. MCD 

 induced  PPAR   signalling  in both,  WT and  ATGL  LKO  mice.  PPAR   DNA  

activity is significantly reduced in ATGL LKO MCD fed mice compared to WT 

 mice. (B) mRNA expression levels of PPAR  downstream targets. mRNA levels 

 and  were increased due to MCD feeding in both genotypes but the a14 Fgf21

 was less pronounced in ATGL LKO mice. Data represent means +/- SD and are 

elatively to the expression levels of unchallenged WT animals. *                     

s a significant difference from untreated WT controls; indicates a significant $  

e from MCD-fed WT mice; # indicates a significant difference from ATGL LKO 

ice; p<0,05. 
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ting Figure 2: MCD feeding-induced hepatic inflammation and ER stress are 

ted in ATGL LKO mice.   (A) Gene expression profile of inflammatory markers. 

/80 TNF and  mRNA expression levels were increased due to MCD feeding in 

 ATGL LKO mice, but to a lesser extend in ATGL LKO mice. (B) Gene expression 

f ER stress markers.  and  mRNA expression levels were increased Erdj4 Grp78

CD feeding in WT and ATGL LKO mice, but to a lesser extend in ATGL LKO 

) Gene expression of apoptosis markers. mRNA levels of  and  are Chop Bad

d due to MCD feeding independent of the genotype. Data represent means +/- 

 are shown relatively to the expression levels of unchallenged WT animals. (D) 

ntative picture of cleaved caspase 3 immune blot. Protein expression levels of 

 caspase 3 were elevated in WT MCD fed mice. Data are normalised to total 

nd represent means +/- SD and are shown relatively to the expression levels of 

nged WT animals. * indicates a significant difference from untreated WT controls; 

tes  a significant difference  from MCD-fed WT  mice; # indicates  a significant 

e from ATGL LKO control mice; p<0,05

ting Figure 3: Hepatic fibrosis is moderately increased due to MCD feeding. 

s red staining. Representative pictures of Sirius red staining do not show 

d collagen deposition due to MCD feeding in WT and ATGL LKO mice. (B) 

ntative pictures of Collagen 1 immunohistochemistry did not show collagen 

on due to HFHC feeding in WT and ATGL LKO mice. (C) Gene expression profile 

ic markers.  andCol1a1, Col1a2  Tgf were assessed by qPCR. Expression of 

nes was markedly increased in both, MCD-fed WT and ATGL LKO mice. Data 

t means +/- SD and are shown relatively to the expression levels of 

nged WT animals. * indicates a significant difference from untreated WT control 

; # indicates a significant difference from ATGL LKO control animals; p<0,05.

ting Figure 4: Intrahepatic fatty acid profile of anti-inflammatory fatty acids 

MCD and the HFHC setting.  , (A) Palmitoleic and Vaccenic acid two anti-
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inflammatory fatty acids (not related to PPAR signalling) are reduced in WT mice upon 

eding while in ATGL LKO MCD fed mice their concentration stayed at normal 

B) Palmitoleic and Vaccenic acid two anti-inflammatory fatty acids (not related to  , 

ignalling) are increased in ATGL LKO mice at baseline. While HFHC feeding led 

crease of the intrahepatic concentration of these FAs in WT mice, in ATGL LKO 

 levels remained unaffected. * indicates a significant difference from untreated 

 trol animals;  indicates a  significant difference from  MCD-fed WT animals; $ 

ting Figure 5: Disturbed PPAR  signalling in HFHC fed ATGL LKO mice.  (A) 

ntitative PPAR  DNA binding activity assay in chow and HFHC fed mice. HFHC 

 induced  PPAR   signalling  in both,  WT and  ATGL  LKO  mice.  PPAR   DNA  

activity is significantly reduced in ATGL LKO MCD fed mice compared to WT 

ed mice. (B) mRNA expression levels of PPAR  downstream targets. mRNA 

  and  were increased due to HFHC feeding in both genotypes but Cyp4a14 Fgf21

ase was less pronounced in ATGL LKO mice. Data represent means +/- SD and 

wn relatively to the expression levels of unchallenged WT animals. * indicates a  

nt difference from untreated WT control animals; indicates a significant $ 

e from MCD-fed WT mice; # indicates a significant difference from ATGL LKO 

nimals; p<0,05. 

ting Figure 6: MCD feeding-induced hepatic inflammation and ER stress are 

ted in ATGL LKO mice.   (A) Gene expression profile of inflammatory markers. 

/80 TNF and  mRNA expression levels were increased due to HFHC feeding in 

 ATGL LKO mice, but to a lesser extend in ATGL LKO mice (B) Gene expression 

f ER stress markers.  and  mRNA expression levels were increased Erdj4 Grp78

FHC feeding in WT and ATGL LKO mice, but to a lesser extend in ATGL LKO 

) Gene expression of apoptosis markers. mRNA levels of  and  are Chop Bad

d due to HFHC feeding. Data represent means +/- SD and are shown relatively 

 xpression  levels  of  unchallenged WT  animals.  (D)  Representative picture  of 

 caspase 3 immune blot. Protein expression levels of cleaved caspase 3 
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remained unchanged after HFHC fed mice. Data are normalised to total protein and 

t means +/- SD and are shown relatively to the expression levels of 

nged WT animals. * indicates a significant difference from untreated WT control 

;  indicates a significant difference from MCD-fed WT animals; # indicates a $

nt difference from ATGL LKO control mice; p<0,05

ting Figure 7: Hepatic fibrosis is unaffected upon HFHC feeding. (A) Sirius 

ning. Representative pictures of Sirius red staining do not show increased 

 deposition due to HFHC feeding in WT and ATGL LKO mice. (B) Representative 

 of Collagen 1 immunohistochemistry did not show collagen deposition due to 

 eeding in  WT and  ATGL LKO mice.  (C) Gene  expression profile of  fibrotic 

.  andCol1a1, Col1a2  Tgf were assessed by qPCR. Expression of these genes 

to be increased in HFHC-fed WT mice. Data represent means +/- SD and are 

elatively to the expression levels of unchallenged WT animals. 

8: Knock down of ATGL in HepG2 and Hepa1c1c7 cells.  The human 

a cell line HepG2 and the murine hepatocyte cell line Hepa1c1c7 were used to 

 own (KD)  ATGL with  shRNA. (A) mRNA  expression as  well as (B)  protein 

ion  of ATGL are significantly reduced in HepG2 ATGL KD cells. (C) mRNA 

ion as well as (D) protein expression of ATGL are significantly reduced in 

1c7 ATGL KD cells. Data are normalised to total protein and represent means +/- 

 are shown relatively to the expression levels of unchallenged WT cells. * 

s a significant difference from untreated WT cells; p<0,05

9: Knock down of ATGL  protects from LPS  induced inflammation and 

s from LPS induced cytokine secretion in vitro.  (A) 6h after LPS challenge 

pression of inflammatory markers  and Mcp1, Cxcl2 Tnf were significantly 

d in WT cells and did not change in Hepa1c1c7 ATGL KD cells. Data represent 

+/- SD and are shown relatively to the expression levels of unchallenged 

15273350, 2021, 0, D
ow

nloaded from
 https://aasldpubs-onlinelibrary-w

iley-com
.proxy-ub.rug.nl B

y U
niversity of G

roningen Library- on [29/10/2021]. R
e-use and distribution is strictly not perm

itted, except for O
pen A

ccess articles



This article is protected by copyright. All rights reserved

Hepa1c1c7 WT cells. * indicates a significant difference from untreated Hepa1c1c7 WT 

indicates a significant difference from LPS treated Hepa1c1c7 WT cells; p<0,05. 

teome profiling revealed that Hepa1c1c7 ATGL KD cells do not secrete 

s/chemokines upon LPS stimulation. Cells were treated with LPS for 6h. 

ter LPS containing medium was exchanged with empty medium. After 24h the 

 was used for proteome profiling. While Hepa1c1c7 LPS treated cells secreted 

, M-CSF, MCP1/CCL-2 and Rantes/CCL-5, Hepa1c1c7 ATGL KD LPS treated 

 not. (C) Murine macrophage cell line RAW264.7 was cultered in medium taken 

pa1c1c7 WT cells and Hepa1c1c7 ATGL KD cells treated with/without LPS for 

NA expression levels of  and  were increased in RAW246.7 cells IL1b, IL6 Mcp1

with medium from Hepa1c1c7 WT LPS cells but not in RAW246.7 cells treated 

dium from Hepa1c1c7 ATGL KD LPS cells. Data represent means +/- SD and are 

elatively to the expression levels of RAW264.7 cells cultured in medium taken 

treated Hepa1c1c7 WT cells. * indicates a significant difference from RAW264.7 

ltured in Medium taken from LPS treated Hepa1c1c7 WT cells;  indicates a $

nt difference from LPS treated control cellsp<0,05.

ting Figure 10: Knock down of ATGL protects from OP21 induced 

ation and prevents from LPS induced cytokine secretion in vitro.  (A) 24h 

21 challenge gene expression of inflammatory markers and  Mcp1, Il1b, IL6  Cxcl2

nificantly increased in WT cells and did not change in HepG2 ATGL KD cells. 

 present  means  +/-  SD and  are  shown  relatively to  the  expression  levels of 

nged HepG2 WT cells. * indicates a significant difference from untreated HepG2 

;  indicates a significant difference from LPS treated HepG2 WT cells; p<0,05.$   

teome profiling revealed that HepG2 ATGL KD cells do not secrete 

s/chemokines upon OP21 stimulation. Cells were treated with OP21 for 24h. 

ter OP21 containing medium was exchanged with empty medium. After 24h cell 

ium was used for proteome profiling. While HepG2 OP21 treated cells secreted 

ntin and IL8, HepG2 ATGL KD OP21 treated cells did not. (C) Human 

age cell line THP1 was cultured in medium taken from HepG2 WT cells and 

ATGL KD cells treated with/without OP21 for 24h. mRNA expression levels of 
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IL1b, IL6 Mcp1  and were increased in THP1 cells treated with medium from HepG2 WT 

eated cells but not in THP1 cells treated with medium from HepG2 ATGL KD 

eated cells. Data represent  means +/-  SD and  are shown  relatively to  the 

ion levels of untreated THP1 cells. * indicates a significant difference from 

d THP1 cells;  indicates a significant difference from THP1 cells cultured in $

 from HepG2 WT OP21 treated cells; p<0,05.

ting Figure 11: PPAR  expression in human NASH samples.  PPAR  

ion was assessed immunohistochemically in human liver section of NAFLD 

. With progression of the disease, from NASH with fibrosis stage 1 to NASH with 

stage 3 PPAR expression decreases. 
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